The main glazing energy performance measure in warm humid climates is light-to-solar-gain ratio (LSG), which denotes the ratio of the visible light transmittance (VT) and its solar heat gain coefficient (SHGC). In laminated glazing the LSG depends on the design of the cavity and (inter)layers. This study explored the contribution of cavity and interlayer in raising high energy performance glass block from laminated waste glasses. Analytical method and computational simulations using comparative method and heat balance model were employed to obtain glass block model with the most optimum combination of the VT, the SHGC and its thermal transmittance (U). The effect of cavity on increasing the VT was showed by simulation and laboratory test results. Based on SHGC laboratory tests, the presence of interlayer declined 69-89% of the simulated SHGC. Laminated glass block with certain number of closed cavity and interlayer can raise 4.35 of the LSG.
Introduction
Building energy consumption can be reduced by adopting high energy performance glazing. In warm humid climates high energy performance glazing should have high ratio of the visible light transmittance (VT) and its solar heat gain coefficient (SHGC), which is called as Light-to-Solar-Gain Ratio (LSG). Thermal transmittance (U) is important for air conditioned buildings. Low-U building envelope can reduce the conductive heat transfer rate, which further cuts down the building cooling load. According to Energy Conservation Code 2006 vertical fenestration in warm humid climates is recommended to have 0.25 for the maximum SHGC and 3.177 W/m 2 .K for the maximum U with 0.27 of the minimum VT for small fenestration area [1] . Lamination is the selected method to produce new glass block from waste glasses. This low-technology method potentially creates low U and low SHGC material. The SHGC, the VT, the U and the mechanical strength of the layers bonding depend on the layer number, the interlayer and lamination technique. Chen and Meng [2] studied the contribution of interlayer by examining the effect of polyvinyl butyral (PVB) laminated glass application on the building cooling load. The simulation results showed that application of 7 mm PVB laminated glass created lowest cooling load compared to the application 12 mm clear glass and 6 mm low-e coated glass.
Cavity was introduced in glass block as thermal resistance. Heat transfer across the cavity depends on the cavity number, dimension, the optical and the thermal properties of the material [3] [4] [5] [6] . Cavity avoids significant reduction of the VT due to the transparency for visible light. Material with higher refractive index (RI) is less transparent. Air has 1 for the RI, whereas ordinary clear glass has 1.52.
This study explored the contribution of cavity and interlayer in raising high energy performance by obtaining and testing optimum combination of the layer number, the cavity type, number, width and position. Analytical and computational simulation approaches were used to design glass blocks with proper cavities. Contribution of the interlayer would be examined in laboratory tests.
Methods
This study employed several methods that will be explained chronologically. The first step is interlayer selection. Some criteria in selecting interlayer are transparency, emissivity, thermal conductivity, compressive and tensile strength, durability, curing time and price. Clear epoxy resin was selected as the interlayer material. Epoxy resin can form extremely strong durable bonds with glass (50 MPa). Generally epoxy resin has 0.02-0.1 W/m.K for the thermal conductivity and 0.8 for the emissivity. The maximum RI is 1.57. Cavity inside glass block can be designed as open cavity and closed cavity. In this study cavity type was examined as 1 m 2 vertical fenestration in a 3 m x 3 m x 3 m adiabatic building system using a Computational Fluid Dynamic (CFD) -ACE software package. The accuracy of simulation results of CFD -ACE has been remarkable. Validation conducted by Satwiko et al. [7] described that the air flow analysis are close to the field measurements with deviation from 0.003 until 0.027 for three dimensions with standard k-ε turbulent model. In CFD -ACE geometry and mesh were created in CFD-GEOM. Models were constructed from 285,345 unstructured cell number. Simulations were conducted with steady state laminar model with low air velocity (0.2 m/s). This condition was reached after 200 iterations and 0.0001 for the convergence. Heat flux was set to 540 W/m 2 (at the peak local condition). The exterior surface temperature was set to 50 0 C, whereas the interior surface temperature was set to 26.85 0 C, which represents the lowest average temperature to describe significant effect of the convective heat transfer across each model. The next step is development of glass block models with selected cavity type. Formula (1) was employed to estimate the U of each model. 
The accuracy of the formula depends on the determination of the external surface conductance in W/m 2 .K (f 0 ), the internal surface conductance in W/m 2 .K (f i ), the
